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ABSTRACT 


' — In  this  report  the  durability  of  liquid  repellency  properties  imparted 
to  fabrics  by  solutions  of  the  copolymers  of  fluoroalkyl-substituted  silanes 
and  non-fluorinated  silanes  is  examined.  The  best  available  commercial 
finishes  were  examined  at  the  same  time  and  the  results  compared  with  those  of 
the  experimental  finishes.  The  durability  testing  encompassed  wear,  washing, 
dry  cleaning,  and  weathering.  Although  the  siloxane  copolymers  wear  well, 
they  are  somewhat  inferior  to  the  commercial  finishes  after  a  number  of 
washes.  Much  better  durability  to  washing  was  obtained  when  a  small  amount  of 
resin  was  added  to  the  finish,  following  the  normal  commercial  practice.  The 
properties  found  for  the  siloxane  finishes  indicate  that  they  could  be  useful 
in  some  circumstances.^— 


RESUME 


Cn  examine  dans  ce  rapport  la  durabilite  des  propieteVs  hydrofuges  et 
oleofuges  des  tissus  trait^s  avec  des  solutions  de  copolymeres  contenant  des 
substituts  fluoroalkyles  silanes  et  des  silanes  non  fluores.  Par  la  meme 
occasion,  on  a  fait  1 'evaluation  des  meilleurs  finis  commerciaux  disponibles 
et  on  en  a  compare'  les  resultats  avec  ceux  qui  ont  St£  obtenus  dans  le  cas  des 
finis  experimentaux .  Les  essais  de  durability  englobaient  l'usure,  le 
blanchissage ,  le  nettoyage  a  sec  et  la  resistance  aux  intemperies.  Quoique 
les  copolymeres  siloxanes  sont  assez  efficaces  contre  l'usure,  ils  sont 
quelque  peu  inf^rieurs  aux  finis  commerciaux  apres  un  certain  nombre  de 
blanchissage.  L 'addition  de  petite  quantit/  de  resine  aux  finis  augmente 
sensiblement  la  resistance  au  blanchissage,  comme  e'est  le  cas  pour  les  finis 
commercials.  Les  proprilte£  trouve'es  dans  le  cas  des  finis  siloxanes 
indiquent  qu'ils  pourraient  etre  utiles  en  certaines  circonstances. 
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Ihe  present  Canadian  Chemical  Warfare  (CW)  protective  overgarment 
utilizes  an  outer  layer  of  nylon/cotton  (50/50  wt  >)  fabric  which  needs  to  be 
treated  with  a  fluorocarbon  finish  to  give  it  liquid  repellent  properties  (oil 
and  water  repellency  and  resistance  to  penetration  by  liquid  phosphorus  esters 
(phosphate  resistance)).  In  an  earlier  report  (1),  a  state-of-the-art 
literature  review  of  these  finishes  was  presented.  Ihe  finish  currently  in 
use  is  Zepel  £  (£.1.  Dupont  De  Nemours  &  Co.  (Inc.)).  This  and  most  other 
commercial  oil-and  water-repellent  finishes  utilize  a  series  of 
fluoroalkyl-substituted  acrylates  and  methacrylates  having  a  carbon-carbon 
backbone  (2).  Due  to  the  Importance  of  the  liquid-repellent  barrier  in  the  Ch 
suit ,  it  became  desirable  to  evaluate  and  extend  a  number  of  publications  on 
fluorokyl-substituted  siloxanes  (3-9).  It  was  felt  that  these  inorganic 
polymers  having  a  silicone-oxygen  backbone  could  have  properties  which  would 
be  more  in  keeping  with  a  multi-purpose  finish  for  military  use. 

Ten  fluoroalkyl  silane  monomers  comprising  the  best  of  those  found  in 
the  literature  as  well  as  some  new  ones  whose  molecular  structure  appeared  to 
hold  promise  were  synthesized  (1).  Polymer  solutions  were  then  formed  and 
applied  to  nylon/cotton  (50/50  wt  %)  and  to  cotton  (10).  Copolymers  of  the 
fluoroalkyl  silanes  with  non-fluorlnated  silanes  were  found  to  be  especially 
effective.  It  was  indeed  found  (10)  that  the  initial  liquld-repellency  values 
of  some  of  the  experimental  finishes  were  better  than  those  obtainable  from 
the  best  of  the  commercial  finishes. 

The  requirements  for  a  good  military  finish,  however,  include  that  of 
durability.  The  literature  contains  very  little  information  on  this  topic  and 
thus,  as  described  in  this  technical  note,  the  best  of  the  siloxane  polymers 
were  submitted  to  extensive  wear,  washing,  dry  cleaning,  and  weathering  tests. 
A  brief  summary  of  the  results  obtained  at  DREO  for  the  durability  of  the 
oil-and  water-repellency  properties  of  the  siloxane  polymers  has  been 
published  recently  in  the  open  literature  (11).  In  this  technical  note,  the 
durability  of  phosphate  resistance  is  examined.  Also,  the  siloxane-durabillty 
results  are  compared  with  those  obtained  with  some  excellent  commercial 
finishes.  The  effects  of  added  resin  and  of  curing  catalysts  were  assessed  in 
a  number  of  cases.  Weathering  tests  were  carried  out. 

Concluding  statements  are  made  regarding  the  usefulness  of  fluoroalkyl 
substituted  siloxanes  as  liquid-repellent  fabric  finishes. 


The  synthesis  of  the  silanes  £1  ,££ ,  12 , £1 ,  and  C£  (see  Table  1  for 
structures)  have  been  described  previously  (1).  The  commercial  finishes  Zepel 
b  and  Zepel  RN  were  obtained  from  E.l.  Dupont  De  Nemours  and  Co.  (Inc.)  while 
Scotchgard  PC  232  was  obtained  from  3M  Co.  The  following  were  obtained  from 
Cyanamid  of  Canada,  Inc.  -  Aerotex  Resin  MW,  a  melamine  formaldehyde 
condensate;  Aerotex  Accelerator  MX,  a  buffered  magnesium  salt;  Aerotex  Resin 
P-225,  a  hexamethoxymethylmelamine  (solvent  soluble);  and  Aerotex  Accelerator 
Cycat  4040,  an  organic  acid  (solvent  soluble).  Mykon  MRW-4  is  a  nonionic 
non-rewetting  surfactant  obtained  from  Sun  Chemical  Corporation.  The  fabric 
used  in  this  durability  study  was  a  nylon/cotton  twist  (50/50  blend,  170  grams 
per  square  meter).  It  was  designated  as  X74-436  (treated  with  olive  green  107 
dye) . 


APPLICATION  OF  FINISH  AND  CURING  OF  FABRICS 


Using  a  two-dip/ two-nip  procedure,  fabric  samples  were  padded  on  an 
Atlas  padding  machine  (Type  LH-5)  to  a  wet  pick-up  of  70- 100* .  After 
padding,  the  fabric  samples  were  cured  in  a  forced -air  oven.  For  commercial 
finishes,  a  5  min  drying  time  at  135® C  was  used  followed  by  a  curing  time  of  3 
min  at  171°C.  Fabrics  treated  with  siloxanes  were  inserted  into  the  oven  at 
room  temperature  and  the  oven  temperature  set  at  150° C.  Upon  attaining  150° C, 
the  samples  were  removed  after  15  min.  The  treated  fabrics  were  allowed  to 
stand  at  room  temperature  overnight  and  then  tested  for  oil-and  water 
repellency  and  phosphate  resistance. 


DURABILITY  TO  WASHING,  WEAR,  DRY  CLEANING,  AND  WEATHERING 


Washing  was  carried  out  using  an  Atlas  Launder-Cmeter ,  Model  B5t 
according  to  Canadian  Standard  Textile  Test  Methods,  Method  19 . 1-M77 ,  Nash 
Test  1  (12).  In  this  method,  the  samples  (50  x  100  mm)  are  agitated  in  hot 
soap  solution  containing  stainless  steel  balls  to  provide  mechanical  action. 
One  washing  using  this  accelerated  method  approximates  five  launderings  using 
a  domestic  washing  machine. 

The  effect  of  wear  on  fabric  properties  was  examined  using  a  wear 
machine  developed  at  DRE0  (13).  Fabric  samples  (18  x  375  om)  were  sewn  into 
an  endless  belt  and  passed  over  the  brushes  and  rollers  of  the  machine  under 
one-pound  tension. 


TABLE  1 


Structures  of  the  Silane  Monomers  and  the  Fluorine ted 
Component  of  the  Commercial  Finishes 


A.  Structures*  of  the  Silane  Monomers 


Fluoroalkyl- Substituted  Monomers 

FI  CFs(CFa)*C0NH(CH2).Si(0C2H5)s 
F2  CFj (CF2) »C0NH(CH2> |Si(0C2Hs)2 (CH3) 
F3  CFs (CF2) eCOMH(CH2) sS1(OC2Hs) j 


Non- fluorine ted  Co-monomers 
Cl  CH»S1(OC2Hs)s 

C2  CHs(CH2)sSi(OC2Hs)s 


B.  Structures  of  the  Fluorinated  Component  of  the 
Commercial  Finishes 


*  Silane  monomers  with  three  replaceable  ethoxy  silane  substituents  form 
network  polymers  whereas  F2  with  only  two  replaceable  silane  substituents 
forms  linear  polymers. 
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Dry  cleaning  was  performed  by  slight  modification  of  Canadian  Standard 
Textile  Teat  Method  29-1-M77  (12).  The  samples  (6"  x  6")  were  placed 
individually  in  the  containers  of  the  Launder-Cmeter .  Perchloroethylene  (ISO 
mL)  and  100  steel  balls  were  added.  After  running  at  27°C  for  30  min  the 
container  was  drained  and  the  samples  were  dried  between  two  paper  towels. 
After  air  drying,  the  samples  were  dried  at  90°C  for  10  min. 

Weathering  was  carried  out  on  swatches  (8  x  12  inches),  exposed  on  a 
stand  on  the  roof  of  a  three  story  building,  Inclined  at  45°  to  the  horizontal 
and  facing  south.  They  were  fixed  securely  at  each  corner. 


PAD  FORMULATIONS 


(i)  Zepel  B 

The  padding  emulsion  consisted  of  23  g  of  Zepel  £  ( 13)  solids)  to  which 
77  g  of  water  had  been  added  with  stirring. 

I ii )  Zepel  B  ±  Resin 

This  emulsion  consisted  of  23  g  Zepel  B,  3-75  g  Aerotex  Resin  MW,  0.75  g 
Aerotex  Accelerator  MX,  0.3  g  Mykon  NRW-4 ,  and  72.2  g  water. 

(iii)  Zepel  RN  and  Zepel  RN  +  Resin 

Same  as  above,  except  that  Zepel  B  is  replaced  with  Zepel  RN  emulsion 
( 13|  solids) . 

(iv)  Scotchaard  FC  232 

This  finish  consisted  of  10  g  FC  232  (30)  solids)  to  which  90  g  of  water 
had  been  added  with  stirring. 

(v)  Scotchaard  FC  2^2  ♦  Resin 

Added  together  with  stirring  were  10  g  FC  232  (30)  solids),  87.5  g 
water,  2.0  g  Aerotex  Resin  MW,  0.4  g  Aerotex  Accelerator  MX,  and  0.3  g  Mykon 
NRW-4 . 

(vi)  Formulations  of  LL-±.  Cl  and.  C2 

£1  (5 .22  g)  and  £2  (0.78  g)  (70/30  mole  )  ratio  of  £l/£2.  weights  were 
adjusted  accordingly  when  £J.  were  used)  were  weighed  into  a  250  mL  round-bottom 
flask.  Tetrahydrofuran  (120  mL)  was  added  to  dissolve  the  monomers.  Sodium 
hydroxide  solution  (3  mL,  40  mg  NaOH/mL)  was  added  dropwiae  during  vigorous 
stirring.  The  solution  was  stirred  for  24  h  and  then  neutralized  with  20) 
aqueous  sulphuric  acid  solution.  After  filtering,  the  polymer  solution  was 
applied  to  the  fabric. 
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(vii)  Formulations  of  F2  ♦  Cl.  F2  +  C2,  and  F3  +  Cl 

As  above  for  (vi)  except  that  isopropanol  was  used  as  the  solvent  and  a 
stirring  period  of  2.5  h  was  utilized. 

(viii)  Formulations  of  Siloxanes  4  Resin 

After  polymerization  of  the  copolymers  in  the  usual  fashion  (5% 
wt/volume  solids) ,  the  solution  was  diluted  with  the  polymerization  solvent  to 
4  g  solids  in  100  mL  of  solution.  One  gram  of  Aerotex  Resin  P-225  and  0.25  g 
ct  Aerotex  Accelerator  Cycat  4040  (active  catalyst  40f  in  isopropanol)  was 
then  added  with  stirring. 


WATER  AND  OIL  REPELLENCY  TESTS 


The  American  Association  of  Textile  Chemists  and  Colorists  (AATCC)  Test 
Methods  118-1966  (oil  repellency)  and  22-1967  (water  repellency)  (14)  were 
employed  in  this  study.  The  oil  repellency  test  was  modified  to  include  half 
levels.  A  short  summary  of  these  tests  has  been  included  in  ref.  10. 


PHOSPHATE  RESISTANCE  TEST 


The  resistance  of  treated  fabrics  to  wetting  by  organo-phosphorus 
liquids  was  evaluated  using  a  test  developed  at  DREO  by  Hart  and  Fuoco  (15). 
Small  drops  of  the  model  test  liquids  trimethyl  phosphate,  triethyl  phosphate 
and  tri-n-propyl  phosphate  were  placed  on  a  flat  fabric  sample.  After  one 
hour,  the  appearance  of  each  drop  was  noted  visually  and  a  rating  assigned  to 
the  fabric  based  on  the  overall  appearance  of  the  three  types  of  droplets 
(rating  scale  0-9).  A  rating  of  7  or  above  is  considered  good  and  means  that 
only  one  of  the  liquids  exhibits  spreading  or  wicking.  A  rating  of  3  or  less 
indicates  that  all  three  of  the  liquids  exhibit  wetting  to  some  extent. 
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Gnly  the  most  promising  experimental  finishes  (described  in  ref.  10)  were 
subjected  to  durability  testing.  These  were  the  copolymers  of  the  fluoroalkyl 
substituted  silanes,  fj.,  F£  and  £2  with  the  non-fluorinated  alkyl  silanes  Cl 
and  £2  (see  Table  1  for  structures).  The  exact  structures  of  the  commercial 
polymeric  finishes  were  proprietary  information.  From  patents  and  reviews  (2, 
16,  17),  it  was  known  that  these  are  fluoroalkyl  substituted  esters  as  shown 
in  Table  1.  Generally  x  was  1  or  2  and  y  could  be  5,  6,  or  ?.  They  could  be 
copolymerized  with  or  added  to  non-fluorinated  acrylates. 

All  of  the  values  discussed  in  this  report  were  for  nylon/ cotton  (50 
weight  })  fabric.  Table  2  gives  the  Initial  liquid  repellencies  obtained  with 
the  siloxane  copolymers  and  with  the  best  of  the  commercial  polymeric 
finishes.  The  siloxane  copolymers  PI,  P2  and  P3  all  had  equsl  or  slightly 
better  initial  repellencies  than  the  commercial  finishes  P8-P13.  When  60}  of 
the  non-fluorinated  alkyl  silane  ££  was  utilized  in  P4,  the  phosphate 
resistance  dropped  from  9  to  4.  When  a  linear  siloxane  was  used,  P5,  the 
phosphate  resistance  dropped  to  zero  while  the  water  and  oil  repellencies  were 
unchanged  at  100  and  6/7*  This  is  an  interesting  finish  since  water  and  oil 
repellency  could  be  obtained  while  the  wicking  principle1 could  be  used  with 
phosphate.  This  is  the  reason  for  the  inclusion  of  this  material  in  this 
durability  study.  When  60}  £1  was  used,  P6  (compare  with  P5) ,  the  oil 
repellency  remained  at  6/7,  however,  the  water  repellency  had  degraded  to  90. 
As  observed  before  ( 10) ,  when  the  fluoroalkyl  substituent  was  shortened  by  two 
CF2  groups  (P7  (compare  with  PI)),  the  phosphate  resistance  dropped  to  zero 
while  the  water  and  oil  repellencies  dropped  to  the  next  lower  values. 

The  commercial  finishes  Zepel  B,  Zepel  RN,  and  FC  2 32  all  had  water 
repellencies  of  100,  oil  repellencies  of  5/6  and  6,  and  phosphate  resistance 
values  of  9.  The  use  of  a  resin  had  no  effect  on  the  initial  repellencies  but 
was  important  in  providing  durability  (vide  infra). 


DURABILITY  TO  WASHING 


Table  5  gives  the  durability  to  washing  of  P1-P13.  The  durability  of 
all  of  the  siloxane  copolymers,  P1-P7,  to  washing  was  unsatisfactory.  By  the 
sixth  wash  or  earlier,  water  repellency  had  dropped  to  values  as  low  as  0  and 
no  values  higher  than  70  were  obtained.  The  oil-repellency  values  after  six 
washes  for  P1-P4  and  P7  generally  had  dropped  to  the  1  or  2  level.  The  linear 
copolymers,  P5  and  P6,  on  the  other  hand,  maintained  reasonable  oil-repellency 
values  of  k/5-5/6.  For  the  siloxanes,  no  values  of  phosphate  resistance 
higher  than  1  were  found  after  six  washes. 

^or  the  Canadian  CW  protective  overgarment,  the  outer  layer  must  be  phosphate 
resistant.  The  CW  protective  garments  of  other  countries  utilize  a  wicking 
principle  which  requires  that  nerve  agent  droplets  be  spread  to  facilitate 
evaporation. 
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TABLE  2 

Initial  Liquid  Repellencies 


Designation  Composition  of  Z  Water  Oil  Phosphate 

_  Copolymer  Add-on  Repellency  Repellency  Resistance 


A. 

Siloxane * 

Copolymers 

PI 

PI  70Z  -  Cl  30% 

4.2 

100 

6/7-7 

P2 

FI  40Z  -  Cl  60Z 

4.4 

100 

6/7 

P3 

FI  70Z  -  C2  30% 

2.4 

100 

6/7 

P4 

n  40%  -  C2  60% 

4.5 

100 

6 

P5 

ff  70%  -  a  30% 

2.8 

100 

6/7 

P6 

F2  40%  -  a  60% 

2.8 

90 

6/7 

P7 

F3  70%  -  Cl  30% 

2.8 

90 

6 

B.  Commercial  Finishes* 


P8 

Zepel  B 

4.0 

100 

5/6 

P9 

Zepel  B  +  resin 

5.4 

100 

5/6 

P10 

Zepel  BN 

4.2 

100 

5/6 

Pll 

Zepel  RN  +  resin 

6.6 

100 

5/6 

P12 

FC  232 

4.7 

100 

6 

P13 

FC  232  +  resin 

5.2 

100 

6 

*  Zepel  B  and  Zepel  BN  are  trade  names  of  E.I.  Dupont  De  Nemours 
A  Co.  (Inc.).  PC  232  is  a  trade  nmt  of  3K  Co. 
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In  comparison,  the  commercial  finishes,  P8-P13,  maintained  water 
repcllencies  of  100  in  all  cases  and  after  six  washes  lost  no  more  than  one 
level  of  oil  repellency.  Zepel  b  maintained  a  perfect  reading  of  9  for 
phosphate  resistance  both  with  and  without  added  resin.  Zepel  RN,  however, 
suffered  a  degradation  in  phosphate-resistance  to  6  (P10)  and  M  (P11)  by  the 
sixth  wash.  FC  232  alone  had  a  phosphate  resistance  value  of  6  (P12)  at  the 
sixth  wash  while  a  level  of  9  was  maintained  if  added  resin  was  utilized 
(P13). 


Ihus,  in  comparison  to  the  commercial  finishes,  the  siloxanes  were 
definitely  inferior  when  applied  without  added  resin.  As  shown  in  lable  M, 
however,  much  better  results  were  obtained  for  durability  to  washing  when 
a  small  amount  of  resin  was  added  to  the  siloxane  copolymer  solutions.  The 
values  shown  for  PI '(Table  M)  were  a  great  improvement  over  that  found  for 
PI  (Table  3).  Water  repellency  was  unchanged  from  100  after  6  washes  while 
oil  repellency  dropped  from  6  to  only  5/6.  These  values  were  as  good  or  better 
than  those  found  for  the  commercial  finishes  P8- P 1 3 -  The  phosphate  resistance, 
however,  had  degraded  to  6  after  six  washes.  This  was  better  than  that  found 
for  some  of  the  commercial  finishes  but  not  as  good  as  the  value  of  9  maintained 
by  P£,  P9  and  P 1 3  *  Although  P3'  was  much  better  than  P3  it  was  not  as  good  as 
pi'.  P5'  was  dramatically  better  than  P5  and  the  values  of  100  and  6/7  after  six 
washes  were  the  best  of  any  in  this  study.  The  phosphate-resistance  value  was 
zero  with  or  without  resin.  Even  the  values  found  for  P7 '  were  a  considerable 
improvement  over  the  values  found  when  no  resin  was  used . 


DURABILITY  TC  WEAR 


Table  5  shows  the  values  obtained  when  nylon/cotton  fabrics  treated  with 
P1-P13  were  subjected  to  wear  tests.  All  of  the  finishes  suffered  serious 
degradation  following  wear.  In  terms  of  oil  and  water  repellency,  the  results 
showed  degradation  after  20  h  wear  time  to  values  generally  in  the  range  of 
7C-6C  for  water  and  3/M-5  for  oil  repellency  with  the  silanes  retaining 
somewhat  better  oil  repellencies  than  the  commercial  samples.  The  commercial 
finishes  were  superior  in  phosphate  resistance,  the  best  having  degraded  to  6 
(P9).  M  (HI)  and  3  ( P 1 3 ) .  The  best  siloxane  finish,  PI,  still  had  a  value  of 
*i  at  16  h  wear  time  but  had  decreased  to  1  at  20  h.  No  significant 
improvement  in  durability  to  wearing  was  obtained  when  1J  of  the  siloxane 
copolymer  was  replaced  by  resin. 


DURABILITY  TO  DRY  CLEANING 


As  shown  in  Table  6,  the  siloxanes  had  good  durability  to  dry  cleaning, 
host  values  dropped  only  a  level  or  two  even  after  six  dry  cleanings.  The 
effect  of  resin  in  both  the  commercial  and  the  siloxane  finishes  was  minimal. 
The  best  siloxane,  PI',  and  the  best  commercial  finishes  P8  and  P9,  had  nearly 
identical  values  of  90,  M/5-5/6,  and  8  after  six  dry  cleanings. 
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TABLE  4 

The  Effect  of  Added  Resin  on  the  Washing 
Durability  of  Slloxane  Copolymers 


Designation 

Composition 
of  Copolymer 

% 

Add-On 

Number 
0  1 

of  Launder-Ometer  Washings 

2  3  4  5  6 

100 

100 

100 

100 

100 

100 

100 

PI* 

FI  70%-Cl  30% 

4.0 

6 

6 

5/6 

5/6 

5/6 

5/6 

5/6 

+  Resin 

9 

8 

5 

5 

6 

6 

6 

100 

100 

100 

100 

100 

100 

100 

P3' 

FI  70%-C2  30% 

3.9 

6 

6 

5/6 

5/6 

5/6 

5/6 

5 

+  Resin 

9 

6 

6 

6 

5 

5 

4 

100 

100 

100 

100 

100 

100 

100 

P5* 

F2  70%-Cl  30% 

2.9 

6/7 

6/7 

6/7 

6/7 

6/7 

6/7 

6/7 

+  Resin 

0 

0 

0 

0 

0 

0 

0 

100 

90 

90 

90 

90 

90 

80 

P7' 

£2  70%-Cl  30% 

5.6 

5/6 

5/6 

5/6 

5/6 

5/6 

5/6 

5/6 

+  Resin 

0 

0 

0 

0 

0 

0 

0 
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TABLE  6 

Durability  of  Siloxanes,  Siloxanes  with  Resin 
and  Commercial  Finishes  to  Dry  Cleaning 


Designation  Composition  of  % 

Copolymer  Add-On 

PI  FI  70%, Cl  30%  4. A 

PI*  PI  +  Resin  4.0 

P3  FI  70%,C2  30%  4.2 

P3'  P3  +  Resin  3.9 

P3  F2  70%, Cl  30%  3.1 

P5 '  P5  +  Resin  2.9 

P7  F3  70%, Cl  30%  5.3 

P7 '  P7  +  Resin  5.6 

P8  Zepel  B  4.0 

P9  Zepel  15  +  Resin  5.4 

F 10  Zepel  RN  4.2 

FI  1  Zepel  RN  +  Resin  6.6 

PI 2  FC  232  4.7 

P13 


Number  of  Dry  Cleanings 


0 

1 

2 

3 

4 

5 

6 

100 

100 

90 

90 

90 

90 

90 

6 

6 

6 

5/6 

5/6 

5/6 

5 

9 

8 

8 

8 

8 

8 

8 

100 

100 

100 

90 

90 

90 

90 

6 

6 

5/6 

5/6 

5/6 

5/6 

5/6 

9 

9 

9 

9 

9 

9 

8 

100 

100 

90 

90 

90 

90 

90 

6/7 

6/7 

5/6 

5/6 

5/6 

5/6 

5/6 

4 

4 

4 

4 

4 

4 

4 

100 

100 

100 

90 

90 

90 

90 

6 

5/6 

5 

5 

5 

5 

5 

9 

9 

9 

9 

5 

5 

5 

100 

100 

90 

90 

90 

90 

90 

6/7 

6 

6 

6 

6 

6 

6 

0 

0 

0 

0 

0 

0 

0 

100 

100 

100 

100 

100 

100 

100 

6/7 

6/7 

6/7 

6/7 

6/7 

6/7 

6/7 

0 

0 

0 

0 

0 

0 

0 

90 

90 

80 

80 

80 

80 

80 

5/6 

5/6 

5/6 

5/6 

5/6 

5/6 

5/6 

0 

0 

0 

0 

0 

0 

0 

100 

90 

80 

80 

80 

80 

80 

5/6 

5/6 

4/5 

4/5 

4/5 

4/5 

4/5 

0 

0 

0 

0 

0 

0 

0 

100 

100 

100 

100 

100 

100 

90 

5/6 

4/5 

4/5 

4/5 

4/5 

4/5 

4/5 

9 

8 

8 

8 

8 

8 

8 

100 

100 

100 

100 

100 

100 

90 

5/6 

4/5 

4/5 

4/5 

4/5 

4/5 

4/5 

9 

9 

8 

8 

8 

8 

8 

100 

100 

90 

90 

80 

80 

80 

5/6 

4/5 

4/5 

4/5 

4/5 

4/5 

4 

9 

9 

8 

8 

7 

4 

4 

100 

100 

100 

90 

90 

90 

80 

5/6 

4/5 

4/5 

4/5 

4/5 

4 

3/4 

9 

5 

4 

4 

4 

4 

4 

100 

100 

90 

90 

90 

90 

80 

6 

6 

5/6 

5/6 

5/6 

4/5 

4/5 

9 

9 

9 

9 

9 

6 

6 

100 

100 

100 

100 

100 

100 

100 

6 

5/6 

5/6 

5/6 

5/6 

5/6 

4 

9 

6 

6 

6 

6 

6 

6 

FC  232  4  Resin 


5.2 
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DURABILITY  TO  WEATHERING 


As  shown  In  Table  7  noticeable  degradation  in  both  oil  and  water 
repellency  was  experienced  by  the  treated  fabrics  when  subjected  to 
weathering.  For  the  siloxanes,  water  repellencies  generally  fell  from  100  to 
70  (P5  and  P5'  fell  to  50)  while  oil  repellency  fell  to  4  or  4/5  after  three 
months.  Note  that  nearly  all  of  the  degradation  occurred  during  the  first 
month  and  the  values  were  essentially  stable  after  that.  Phosphate  resistance 
for  PI,  PI',  P 3  and  Pj'  fell  from  9  to  the  medium  range  values  of  4-6. 

Fabrics  treated  with  siloxane  finishes  utilizing  resin  maintained  the  same 
water  repellencies  and  the  same  or  slightly  lower  oil  and  water  repellencies 
than  those  without. 

In  comparing  the  commercial  finishes,  P9  and  P15,  with  the  siloxane 
finishes,  Pi'  and  p it  is  seen  that  P9  maintained  better  values  at  the  one 
and  two  month  stages,  however,  at  the  three  month  stage,  the  liquid-repellency 
values  were  essentially  the  same.  For  P13,  the  results  over  the  three  month 
period  were  comparable  for  water  and  oil  repellency  but  were  poorer  for 
phosphate  resistance,  having  dropped  to  1-2  at  three  months. 


INORGANIC  CURING  CATALYSTS 


The  inorganic  curing  catalysts  zinc  chloride  (16),  stannous  octoate  (16) 
and  tetrabutyl  orthotitanate  (19,20),  upon  occasion,  have  been  used  with  both 
fluoroalkyl  and  non-f luoroalkyl  substituted  siloxanes.  It  was  found  in  this 
work  that  the  use  of  each  of  these  catalysts  with  the  copolymer  solutions  of 
Fj  ♦  CJ,  £J  ♦  £2,  Ahb  £2  ♦  C!  ®ade  little  or  no  difference  to  the  eventual 
properties  of  the  treated  fabrics. 


FIRE  RESISTANCE  TESTING 


Fabric  samples  treated  with  the  siloxane  copolymers  P1-P7  (see  Table  2) 
were  tested  for  flame  resistance  using  a  vertical  burning  test  (Canadian 
Standard  Textile  Test  Methods,  Method  27.1-M77  (12))..  It  was  found  that  at 
these  add-ons  (2. 6-4. 5J)  little  or  no  fire  resistance  was  imparted  to  the 
fabrics.  It  must  be  noted  that  this  test  is  a  severe  one  because  the 
procedure  creates  conditions  favourable  to  combustion. 


CONCLUSIONS 


1.  The  durability  of  the  fluoroalkyl  substituted  siloxanes  as 
liquid-repellent  finishes  on  nylon/cotton  (50/50  wt  %)  to  washing,  wear,  dry 
cleaning,  and  weathering  has  been  examined.  Several  excellent  commercial 
finiahes  were  examined  at  the  same  time. 


« 
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TABLE  7 

Durability  to  W— tharing 

Composition  of  X  Weathering  Period 


Designation 

Copolymer 

Add-on 

Initial 

17-06-80 

17-07-80 

21-07-80 

21-08-80 

26-08-80 

26-09-80 

PI 

FI  702,  Cl  302 

4.9 

100 

70 

70 

70 

6/7 

4/5 

4 

4 

8 

6 

6 

6 

PI* 

PI  4-  Resin 

4.7 

100 

70 

70 

70 

6/7 

4/5 

4/5 

4 

9 

5 

5 

5 

P3 

FI  702,  C2  302 

4.8 

100 

70 

70 

70 

6/7 

4/5 

4 

4 

9 

6 

6 

6 

P3« 

P3  +  Resin 

4.8 

100 

70 

70 

70 

6/7 

4/5 

4/5 

4 

9 

5 

4 

4 

P5 

F2  702,  Cl  302 

3.2 

100 

70 

70 

50 

6/7 

4/5 

4 

4 

0 

0 

0 

0 

P5' 

P5  4-  Resin 

3.2 

100 

70 

70 

50 

6/7 

4/5 

4/5 

4 

0 

0 

0 

0 

P7 

¥3  702,  Cl  302 

3.0 

90 

70 

70 

70 

5/6 

5 

4/5 

4/5 

0 

0 

0 

0 

P7' 

P7  +  Resin 

3.5 

100 

70 

70 

70 

5/6 

4/5 

4/5 

4 

0 

0 

0 

0 

P9 

Zepel  B  4  Resin" 

4.8 

100 

80 

80 

70 

5 

4/5 

4 

4 

9 

9 

9 

6 

P13 

FC  232  4  Resin1 

5.2 

100 

70 

70 

70 

5/6 

5 

4/5 

4 

9 

6 

3 

1-2 

1  The  results  for  P9  and  P13  In  this  table  were  provided  by  R.P.  Fuoco  and 
were  carried  out  in  the  same  time  periods  indicated. 


16 


2.  It  has  been  found  that  the  slloxanes  do  not  exhibit  satisfactory 
durability  to  washing  when  used  alone,  but  much  better  properties  were  found 
when  a  resin  was  used.  It  is  customary  to  uae  a  resin  with  polymer  finishes, 
and  when  a  resin  was  used,  the  best  network  siloxane  finish  maintained  a 
slightly  better  oil  repellency  but  a  slightly  lower  phosphate  resistance  than 
the  best  commercial  finish.  Ihe  linear  siloxane  maintained  perfect  water 
resistance  and  the  excellent  oil  repellency  of  6/7  remained  unchanged 
throughout  the  six  washings.  This  finish,  however,  had  an  initial  phosphate 
resistance  of  zero. 


>.  All  finishes,  both  experimental  and  commercial,  experienced  serious 
degradation  of  properties  following  wear.  The  best  of  the  slloxanes  retained 
slightly  better  oil  repellencies  while  the  commercial  finishes  retained  better 
phosphate  resistance . 

4.  Ihe  best  experimental  finishes  and  the  best  commercial  finishes 
exhibited  identical  liquid  repellency  values  upon  being  subjected  to  repeated 
dry  cleanings. 

5.  In  terms  of  oil  and  water  repellency,  the  linear  siloxane  finish  (F£ 

7C%,  £1  10%) ,  when  used  with  added  resin,  had  nearly  ideal  values.  It 
maintained  unchanged  values  of  100  and  6/7  (water  and  oil  repellencies 
respectively)  upon  repeated  washings  and  dry  cleanings  and  had  values  of  70 
and  V5  after  20  h  of  severe  wear.  This  finish,  however,  would  not  be 
suitable  for  use  on  the  Canadian  CVn  protective  overgarment  since  the  present 
concept  requires  a  finish  with  phosphate  resistance.  The  CVi  protective 
garments  of  other  countries,  however,  utilize  a  wicking  principle  in  which  it 
is  required  that  nerve  agent  droplets  be  spread  to  facilitate  evaporation.  In 
this  circumstance,  this  could  be  an  excellent  finish.  It  could  also  be  used 
in  commercial  situations  where  only  oil  and  water  repellency  is  required. 

6.  In  general,  the  experimental  siloxane  finishes  are  not  significantly 
better  than  the  commercial  finishes  currently  in  use.  They  could  be 
considered  desirable  when  either  a  disposable  protective  suit  is  utilized 
and/or  when  only  oil  and  water  repellency  are  required. 


17 


ACKNOWLEDGEMENTS 


lhe  authors  are  grateful  to  Mr.  R.P.  Fuoco  for  helpful  discussions 
concerning  commercial  finishes,  resins  and  catalysts. 


BMIMMSMS 


1.  J.h.  Bovenkamp.  Defence  Research  Establishment  Ottawa  Report  No.  803 
(1979)  (0). 

2.  B.M.  Lichstein.  Chapter  13,  'Stain  and  hater  Repellency  of  Textiles' 
in  'Surface  Characteristics  of  Fibers  and  Textiles'.  Part  11.  Ed. 
K.J.  Schick,  Marcel  Dekker  Inc.  N.T.  (  1977 ) • 

3.  W ,L.  hasley  and  A.G.  Pittman.  U.S.  Patent  <1,029,867  (1977). 

**.  A.G.  Pittman  and  h.L.  Wasley.  British  Patent  1 , 31*1* , 336  097*0. 

5.  Nalco  Chemical  Co.  British  Patent  1 ,267 ,22** ,( 1972) . 

6.  A.G.  Pittman  and  h.L.  hasley.  British  Patent  1,178,7*13  (  1970). 

7.  A.G.  Pittman  and  h.L.  hasley.  U.S.  Patent  3  ***22, 131  OS69). 

6.  G.h.  holbrook  and  C.h.  Steward.  U.S.  Patent  3,015,565  (1962). 

9.  G.h.  holbrook  and  C.h.  Steward.  U.S.  Patent  3,012,006  (1961). 

10.  J.h.  Bovenkamp.  Defence  Research  Establishment  Ottawa  Report 
No.  6C*i  (1975)  (0). 

11.  J.h.  Bovenkamp  and  B.V.  Lacroix.  Ind .  Eng.  Chem.  Prod.  Res. 

Dev.  j22,  130  (  1981) . 

12.  Textile  Test  Methods.  National  Standard  of  Canada.  CAN  2~**.2- 
K77.  Published  by  Canadian  Government  Specifications  Board, 

Ottawa,  Ontario  K1A  0S5  (1977). 

13.  J.A.  Hart.  Defence  Research  Establishment  Ottawa.  Unpublished 
results. 

1*1.  Technical  Manual  of  the  American  Association  of  Textile  Chemists 
and  Colorists.  Vol .  *l£  (1970). 


18 


15-  J.A.  Hart  and  R.P.  Fuoco.  Defence  Research  Establishment  Ottawa. 
Unpublished  results. 

16.  John  fc.  Palmer,  lextile  Processing  and  Finishing  Aids.  Recent 
Advances.  Noyes  Data  Corporation,  New  Jersey  (1977). 

1?.  C.S.  Sodano.  hater  and  Soil  Repellents  for  Fabrics.  Noyes  Data 
Corporation,  New  Jersey  (1979). 

16.  J.A.C.  Matt.  J.  lextile  Inst.  £1,  T1  (I960). 

19.  Bradford  Dyers'  Association  Limited.  British  Patent  708,821  095*0. 

20.  Monsanto  Chemicals  Ltd.  British  Patent  723,989  0955). 


J 


Security  ClauMtMtWN 


DOCUMENT  CONTROL  OATA  -  R  ft  0 

(Secutiiy  dattilication  ol  htli;,  body  of  abstract  and  indtimQ  annotation  must  he  entered  ml  ten  the  overall  document  is  ctaasitiad) 


1  ORIGINATING  ACTIVITY 

Defence  Research  Establishment  Ottawa 
Department  of  National  Defence 


2a.  DOCUMENT  SECURITY  CLASSIFICATION 


3.  DOCUMENT  TITLE 

Fluoroalkyl  Slloxanes  As  Liquid-Repellent  Fabric  Finishes.  Part  III.  The 
Durability  of  the  Copolymers  and  Comparisons  with  Commercially  Available  Finis! 


4.  DESCRIPTIVE  NOTES  (Type  of  report  and  mefunve  dates) 

Technical  Note 


b  AUTHORIS)  (Last  name,  first  name,  middle  initiall 

BOVENKAMP,  John  W.  and  LACROIX,  Benoit  V. 


6  DOCUMENT  DATE 

SEPTEMBER  1983 


8a  PROJECT  OR  GRANT  NO 


8b.  CONTRACT  NO 


10.  DISTRIBUTION  STATEMENT 


7a.  TOTAL^NO  OF  PAGES  7b  NO  Q^REES 


9a  ORIGINATOR'S  DOCUMENT  NUMDERIS) 

DREO  TN  83-4 


9b.  OTHER  DOCUMENT  NO. IS)  (Any  other  number!  that  may  be 
assigned  this  document) 


UNLIMITED  DISTRIBUTION 


II  SUPPLEMENTARY  NOTES 


12.  SPONSORING  ACTIVITY 


13.  ABSTRACT 


In  this  report  the  durability  of  liquid  repellency  properties  Imparted 
to  fabrics  by  solutions  of  the  copolymers  of  fluoroalkyl- substituted  silanes 
and  non-fluorinated  silanes  is  examined.  The  best  available  commercial 
finishes  were  examined  at  the  same  time  and  the  results  compared  with  those  of 
the  experimental  finishes.  The  durability  testing  encompassed  wearing, 
washing,  dry  cleaning,  and  weathering.  Although  the  siloxane  copolymers  wear 
well,  they  are  somewhat  inferior  to  the  commercial  finishes  after  a  number  of 
washes.  Much  better  durability  to  washing  was  obtained  whan  a  small  amount 
of  resin  was  added  to  the  finish,  as  is  the  usual  commercial  practice.  The 
properties  found  for  the  siloxane  finishes  Indicate  that  they  could  be 
useful  in  some  drcunstances. 


20 


Fluoroalkyl  Slloxanes 
Copolymer* 

Liquid  Repellency 
Water  Repellency 
Oil  Repellency 
Fabric  Finishes 
Comnercial  Finishes 
Phosphate  Resistance 
Weathering 
Wearing 


INSTRUCTIONS 


1  ORIGINATING  ACTIVITY  Enter  (he  name  and  address  of  (he 
organization  issuing  the  document. 

2a.  DOCUMENT  SECURITY  CLASSIFICATION  Enter  the  overall 
security  classification  of  the  document  including  special  warning 
terms  whenever  applicable. 

2b.  GROUP  Enter  security  reclassification  group  number.  The  three 
groups  are  defined  in  Appendix  'M'ol  the  DR8  Security  Regulations. 

3.  DOCUMENT  TITLE.  Enter  the  complete  document  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified.  If  a 
sufficiently  detciiptive  title  cannot  be  selected  without  cfassifi 
cation,  show  title  classification  with  the  usual  one-capital-letter 
abbreviation  in  parentheses  immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  Enter  the  category  of  document,  e.g. 
technical  report,  technical  note  or  technical  letter.  If  appropri¬ 
ate.  enter  the  type  of  document,  e  g.  interim,  progress, 
summary,  annual  or  final.  Give  the  inclusive  dates  when  a 
specific  reporting  period  is  covered. 

5.  AUTHOR  (S):  Enter  the  name(s)  of  aulhor(s)  as  shown  on  or 
m  the  document.  Enter  last  name,  first  name,  middle  initial. 

If  military,  show  rank.  The  name  of  the  principal  author  is  an 
absolute  minimum  requirement. 

6.  DOCUMENT  DATE:  Enter  the  date  (month,  year)  of 
Establishment  approval  for  publication  of  the  document. 

7a  TOTAL  NUMBER  OF  PAGES  The  total  page  count  should 
follow  normal  pagination  procedures,  i.e.,  enter  the  number 
of  pages  containing  information. 

7b.  NUMBER  OF  REFERENCES  Enter  the  total  number  of 
references  cited  in  the  document 

Be  PROJECT  OR  GRANT  NUMBER  If  appropriate,  enter  the 
applicable  research  and  development  protect  or  grant  number 
under  which  the  document  was  written. 

8b.  CONTRACT  NUMBER  If  appropriate,  enter  the  applicable 
number  under  which  the  document  wes  written. 

9a.  ORIGINATOR'S  DOCUMENT  NUMBER(S)  Enter  the 
official  document  number  by  which  the  document  will  be 
identified  and  controlled  by  the  origmaimg  activity,  this 
number  must  be  unique  to  this  document. 


9b.  OTHER  DOCUMENT  NUMBER4S):  If  the  document  has  been 
assigned  any  other  document  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number(s). 

10.  DISTRIBUTION  STATEMENT:  Enter  any  HmiUtiom  on 
further  dissemination  of  the  document,  other  than  those  imposed 
by  security  classification,  using  standard  statements  such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
document  from  their  defence  documentation  center  " 

(2)  "Announcement  and  dissemination  ol  this  document 
is  not  authorized  without  prior  approve!  from 
originating  activity." 

11.  SUPPLEMENTARY  NOTES:  Use  lor  additional  explanatory 
notes. 

12.  SPONSORING  ACTIVITY:  Enter  the  name  of  the  departmental 
protect  office  or  laboratory  sponsoring  the  research  and 
development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document,  even  though  it  may  also  appear 
tfeevrtiere  in  the  body  of  the  document  itself.  It  is  highly 
desirable  that  the  abstract  of  classified  documents  be  unclassi¬ 
fied  .  Each  paragraph  of  the  abstract  shall  and  with  an 
indication  of  tha  security  classification  of  the  information 
in  tha  pwagr^h  (unless  tha  document  itself  is  unclassified) 
represented  as  < TS>.  <$>.  fC>.  (R).  or  <u>. 

Tha  length  of  tha  abstract  dtoutd  be  I  mu  ted  to  20  singia  spaced 
standard  typewritten  lines;  7m  inches  long. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms  or 
tfiort  phrases  that  characterize  a  document  and  could  be  helpful 
in  cataloging  the  document.  Key  words  should  be  selected  so 
that  no  security  classification  is  required.  Identifiers,  such  as 
equipment  modal  designation,  trade  name,  military  profact  code 
name,  geographic  location,  may  be  used  as  key  words  but  will 
be  followed  by  an  indication  of  technical  context. 


